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CALIBRATIONTESTSOF_HESPACESHUTTLE ORBITER AIR

DATA SYSTEM USING A 0.10-SCALE ORBITER FOREBODY MODEL

(99-0) IN _HE NASA AMES _ CENTER 9 X 7 AND

8 x 7-FOOTL_S OF _ u_m_m_ P_._ _

(0A2.5_ Am)c)

by

R. R. Burrows, W. R. Carlson and J. Marroq_Ln

ABSTRACT

This report presents descriptive information relevant to wind tunnel

tests OA251B and C, conducted to verify the calibration of the orbiter

air data systems obtained during tests 0A221B and C. The test article

duplicated orbiter vehicle 102 lines from the nose back to fuselage

station 670 and from there was ogive faired to the sting at station

985.5.

The specific objectives of these tests were: l) to measure air data

system probe pltot and static pressure errors, 2) determine the effect of

probe scale on the static pressure calibration, 3) calibrate the angle-of-

attack sensor and 4) evaluate two "flush port" alternate air data systems.

Also, new data were obtained on a O.lO-scale compensated static probe.

To meet these objectives the model was tested at angles-of-attack

from -2° to 2_° with angle-of-yaw being varied from -2° to 2° at a roll

angle of 0°. Mach number range tested was 1.6 to 3.5 with Reynolds

number variations from 1._ to 3.7 x lO6 per foot.
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INTRODUCTION

This report contains information and results relating to wind tunnel

tests OA251B and C of the 0.10-scale space shuttle orbiter forebody model

99-0 in the NASA/ARC Unitary Plan Wind Tunnel. The model and related

probe hardware were designed and built specifically to meet the following

test objectives :

i. Obtain and verify air data calibration at supersonic speeds

(1.6_<Moo<_3.5), and

2. Evaluate the influence of probe oversize.

Previous tests verified by 0A251 were 0A221B and C in the NASA/ARC Unitary

Plan Wind Tunnel and 0A23_ in the NASA/Lewis I0 x i0 Supersonic Wind

Tunnel.

To achieve these objectives, Rosemount, Inc. supplied two 0.2-scale

versions of the vehicle air data probes (ADP), and a new, compensated

O.l-scale probe equipped to measure only static pressure. All of the

side probes were manufactured to be interchangeable on either side of the

model, with all static taps located at the 0.l-scale coordinates.

The model utilized for these tests was a high-fidelity represen-

tation of the orbiter vehicle 102 forebody, with I_CS thruster cavities

simulated and flush-port alternate air data systems. The thermal

protection system (TPS) tiles were not simulated on this model, for the

reason that previous tests with tiled and smooth model surfaces exhibited

negligible effects on ADS measurements.

6



NOMENCLATURE

SYMBOL

a

ADS

ADP

CPAL

CPAU

Cp i

CPSA

CPTA

CPSIA

f=ADS

MNEMONIC

ADP

CPAL

CPAU

CPI

CPSRA

CPSRF

CPSUI

CPSU2

CPSA

CPTA

CP SIA

FRL

LA__

L_N

DEFINITION

speed of sound, m/sec., ft/sec

air data system

side-mounted air data probe

0.2-scale ADP lower pressure coefficient

0.2-scale ADP upper pressure coefficient

static pressure coefficient at tap i, (Pi-P)/q

Rosemount STD probe aft static pressure
coefficient

Rosemount STD probe forward static pressure
coefficient

O.l-scale uncompensated probe static pressure

coefficient (model-mounted)

0.2-scale uncompensated probe static pressure

coefficient (model-mounted)

0.2-scale ADP static pressure coefficient

0.2-scale ADP total pressure coefficient

O.l-scale ADP static pressure coefficient

ADS side probe e calibration relationship

fuselage reference line

left-hand ADP mounting block - aft position.

Locates the tip of a 0.2-scale probe at the

proper location of a O.l-scale probe

left-hand ADP mounting block - forward position

- new. Locates the static pressure tap of a

0.2-scale probe at the proper location of a O.l-

scale probe. Also properly locates a O.l-scale

probe.

7



NCMENCLA_W/RE(Continued)

SYMBOL

M

M2

P

PAL

PAU

P_

MNEMONIC

LFG

MACH

M2

MACHAX

P

PAL

PAU

PI

PIA

PSRA

PSRF

PSdA

PS IXDC

PSA

PSXDEC

e /P

DEFINITION

left-hand ADP mounting block - forward

position - old. Locates the static pressure

tap of a 0.2-scale probe at the proper

location of a O.l-scale probe. However, the

probe support blade was rolled 5.7 ° in

excess_ inboard-end-up.

Mach number, V/a

Mach number behind the probe shock

ADP local Mach number forward of the probe

shock, X = L, R, or A

freestream static pressure, psf

ADS 0.2-scale side probe lower pressure

measurement, psf

ADS 0.2-scale side probe upper pressure

measurement, psf

pressure at tap i, psf

local pressure forward of the ADS probe

shock, psf.

Rosemount STD probe aft static pressure, psf

Rosemount STD probe forward static pressure, psf

O.l-scale ADP static pressure measurementj

psf

static pressure decrement, using 0.i scale ADP

static and 0.2 scale ADP total pressures

0.2-scale ADP static pressure measurement, psf

0.2-scale ADP static pressure decrement,

X = L, R, or A

r2tio of 0.2-scale ADP to freestream static

pressures



NCMENC!_._q_JRE(Continued)

SYMBOL

Pt

Pt I

Pt 2

q

qc

MNEMONIC

PT

PTI

PT2

PTA

PTXDEC

PTX/PT

Q(PSF) ,Q

QCOMP, QC

QCX

PAX

RA

RFN

RE0

DEFINITION

tunnel freestream total pressure, psf

total pressure in front of ADS probe shock wave

total pressure behind ADS probe shock wave

0.2-scaleADP total pressure, psf

0.2-scaleADP total pressure decrement,

X = L, R, or A

ratio of 0.2-scale ADP to freestream total

pressures, X = L, R, or A

freestream incompressible dynamic pressure, psf

freestream compressible dynamic pressure, psf

ADS side probe compressible dynamic pressure,

X = L, R, or A, psia

ratio of ADS side probe to freestream compressible

dynamic pressures, qcx/qc , X = L, R, or A

ADS side probe _ calibration parameter X = L,

R, or A

right-hand ADP mounting block - aft position

Locates the tip of a 0.2-scale probe at the

proper location of a O.l-scale probe.

right-hand ADP mounting block - forward position -

new Locates the static pressure tap of a 0.2-scale

probe at the proper location of a 0.1-scale probe.

Also properly locates a O.l-sca]c probe.

right-hand ADP mounting block - forward position -

old Locates the static pressure tap of a 0.2-scale

probe at the proper location of a O.l-scale probe.

However, the probe support blade was rolled 5.7 ° in

excess, inboard-end-up.

Reynold's number per foot x 1O -6



NOMENCLATURE(Continued)

SYMBOL

Tt

V

 ADSx

GADSx/_

A

A_

Ap 1

P

MNEMONIC

ALPKA

AXP

AXP/A

ALPHAI

ALPHAU

B_TA

BETAI

BETAU

DEFINITION

STD Rosemount standard static pressure survey probe

tunnel total temperature, OF

velocity, m/sec, ft/sec

model FRLangle-of-attack, deg.

local angle-of-attack, measured by ADS side

probe WRT the probe _, deg.

ratio of ADS side probe local to model FRL

angle-of-attack, X = L, R, or A

indicated model angle-of-attack, deg.

model FRLangle-of-attack uncorrected for

sting/balance deflections, deg.

model FRL angle-of-sideslip, deg.

indicated model sideslip angle, deg.

angle-of-sideslip uncorrected for sting/balance

deflections, deg.

increment

flow angularity correction to alpha, deg.

flow angularity correction to beta, deg.

differential pressure at i, psf

PSI angle of yaw, deg.

PHI angle of roll, deg.

mass density, kg/m 3, slugs/ft 3

Reference & C.G. Definitions

MHP moment reference point

i0



NO_iENCLAq_JRE(Concluded)

SYMBOL

XMRP

_C_P_

A

_P

A_

b

i

l

L

R

S

T

TS

X

oo

1

2

MNEMONIC DEFINITION

Reference & C.G. Definitions (Continued)

moment reference point on X axis

moment reference point on Y axis

moment reference point on Z axis

average of left and right ADS probes

air data probe

air data system

base

variable for tap number

local condition in front of ADS probe shock

wave (s e as 1)

ADS probe mounted on left-hand side of model

ADS probe mounted on right-hand side of model

static condition

total conditions

tube size effect

uncorrected value

ADS side probe dummy index which can represent

left side (L), right side (R), average of left

and right (A), or data processed as taken (X)

freestream

local conditions in front of the ADS probe shock

wave (same as _)

condition behind ADS probe shock wave

ii



R_kAEKS

During the course of testing, several anomalies developed which,

in somecases, affected the quality of the final data. These can be

summarizedfor each tunnel entry as follows:

0A25 (9 x 7)

le Pressure tap numbers ll7 and ll9 developed a leak inside

the model cavity and were inoperable for the entire series

of tests.

To The Analog to Digital converter malfunctioned for all the pres-

sures on Scanivalve #5 for Runs 6 through 52. Probe pressures

were duplicated on Scanivalve #6 but the following pressure

tap numbers were lost: l, 47, 49, 51, 53, 55 and 57.

o

_o

Developed 2 more leaks in the hardline for pressure numbers

ll and 121; they were inoperable for Runs 75 through ll2.

The upper outboard static tap on the 0.2P/S probe was

inadvertently plugged for Runs 90 - i12. Three other static

taps which feed the plenum were open; and as a result, the

CPSA appeared to be O.K. for these runs.

o After Run 50, and before the next running shift, the model

configuration was changed to the O.l-scale probe in the

LFNblock and the 0.2A probe in the RAblock. Sometime,

during the off-shift, the O.l-scale probe was damaged.

The entire strut on the probe was bent downward about 20 ° .

The probe was then removed from the model and repaired at the

tunnel workshop by straightening the strut visually and

resetting the barrel alignment using a sine date. Repeat

data Runs 52 through 56 were then made with the probes in

the original configuration: O.1S-RFN and 0.2P/S-LA. Data

differences were significant enough to warrant a complete

probe dimensional check with the model nose on a machine

shop surface table. All probe dimensions, locations on the

model, and angles were checked and reset to the original

specifications as shown in Table IV. Runs 75, 82 - 88 were

repeat runs of the original configuration after this final

repair of the probe. These data compared favorably with data

before the probe damage.

12



P_MA_CS(Concluded)

l.

.

.

4.

e

oA251c (8 x 7)

Testing was not able to continue with use of the Task MKlV

4-inch diameter balance, because it was needed for another test.

As a result, the W-llT0 instrumented sting was utilized for the

entire 8 x 7 test. This setup placed the forebody nose approxi-

mately 2 inches further forward in the test section than its

location during Test 0A221C. This hardware is depicted in

Figure 3c, which also shows the model boattail cutout for sting

clearanc e.

Pressure tap numbers ii, 115, 117 and 119 were inoperable for the

entire entry, due to inaccessible leaks in the hardline.

Pressure tap number 50 was overrange for Run l? points i - 5.

Two scratch marks on the 0.2P/S probe were discovered after

completing Run 81. The scratches were at right angles to the

probe centerline just forward of the compensating contour on

the constant diameter section. The rough edges were removed

with a small file but no attempt was made to totally remove the

marks, just that material which protruded from the original
mold llne.

To save time, scanivalve delays were removed from all flush

port data except PI, 2, 3, _, 5 and 46; for Runs 29 through 93-

All other flush port data for Runs 2 through 27 and 96 through

105 are OK, with the exception of leaks mentioned In_ above.

13



CONFIGURATIONSINVESTIGATED

The test article provided was a 0.10-scale replica of the orbiter

vehicle 102 forebody. Orbiter lines were duplicated from the nose back

to fuselage station 670. Aft of station 670 the model was ogive-faired

to the sting. The aft closure actually terminated at fuselage station

985.5 with an 8.8 inch diameter sting clearance hole. TPSgaps were not

simulated. RCSthrusters and vents were simulated.

Rosemount, Inc. designed and fabricated a palr of side-mounted air

data probes which were 0.2-scale replicas of the vehicle probes, with

compensating contouring in the vicinity of the static pressure taps. Due

to the small size of the probes, all pressure instrumentation could not

be included in each probe. Therefore, the one ADSside probe contained

only the pitot and static pressure orifices and the other ADSside probe

contained only the upper and lower flow angle sensors. See Figures 2a

and 2b.

A third compensatedside-mounted probe was fabricated by Rosemount

to 0.1-scale. Due to its small size the probe was equipped only for the

measurementof static pressure; however, it did include static pressure

compensating contours. All slde probes were interchangeable on either

slde of the model. Figure 2c depicts the 0.1-scale compensatedside

probe.

RCSthruster nozzles were simulated at 16 places on the forebody.

The inside end of each nozzle was instrumented with a single pressure

tap which was not hooked up for this test.

14



C0_,q_IGLq_ATIONSI_TIGA_TED (Continued)

Flush static pressure taps, located at 91 locations on both sides

of the forebody served as additional air data sensors.

In total, six model configurations were tested:

ARC CONFIGURATION PROBES AND BLOCK POSITIONS

o.z /s O.lS

1 IA -- RFN 8x7, 9x7

2 RA -- LFN 9x7

3 RA LA --- 8x7, 9x 7

4 IA RA --- 9x7

5 ....... 8x7

6 -- P,A LFN 8x7

These configurations consisted of model components whose nomen-

clature and descriptions are listed below:

Nomenclature

B74

Cl6

NlO8

P%

Description

orbiter 102 forebody simulated back to fuselage

station 670

orbiter vehicle 102 canopy

RCS nozzle thruster cavities in the orbiter

forebody. Thruster static pressures were not
measured.

0.2-scale air data probe with pitot and static

pressure orifices (0.2P/S)

0.2-scale air data probe with angle-of-attack

pressure orifices (0.23%)

15



CONFIGURATIONS INVESTIGATED (Concluded)

Nomenclature

PRI4

VT18

VTI9

Description

0.1-scale air data probe _ith static pressure

orifices only (0.1S)

forward RCS vents, one on each side of the

orbiter forebody

cabin vents, one on each side of the orbiter

forebody

G

Dimensional data for the above components may be found in Table llI

of this report.

76
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INS_TION

Pressure measurements were obtained by using six Type-S Scanivalve

modules: Two solenoid drives, six scanner modules including ±5 psi

Statham transducers, and two position transmitters were mounted inside

the model nose.

The forebody model pressure instrumentation consisted of a total of

96 measurements whose distributions were as follows:

Number of

Measurements

91

i

2

2

Location

flush mounted ADS taps located on the forebody
nose section CML

O.l-scale ADP static pressure

0.2-scale ADP pitot-static pressures

0.2-scale ADP angle-of-attack pressures

The flush-port alternate Air Data System and RCS nozzle thruster

cavities are identified in Table IV. Pressure identification and

locations for the side-mounted Rosemount air data probes, and all other

model pressures are depicted in Figure 2d. Note that for these tests,

the pressure instrumented RCS thruster cavities (#27 through #_2) were

not hooked up to the scanivalve instrumentation. A scanivalve hookup

schedule is included as Table V.

Other model instrumentation consisted of:

x 7 Entr_

1. Ames Task _.0-inchMKIVA force balance

17



INSTRUMF_TION (Concluded)

8 x 7 Entr_

1. Rockwell W-1170-500 _-component instrumented sting

2. Ames-supplied dangleometer

The model moment reference center and the balance moment reference

center were identical and located at model station 60.00, model buttline

0.0, and model waterplane 38.75. The dangleometer was mounted in the

orbiter forebody and aligned in the pitch plane.

All instrumentation cables and tubes were routed from the model,

internal to the sting, and connected to terminal strips in the sting

pod aft of the strut.

18



TEST FACILITY DESCRIPTION

The Ames Research Center Unitary Plan Wind Tunnel is a closed-return,

varlable-denslty, air-medium facility.

The 9 x 7 foot leg is capable of attaining Mach numbers from 1.55

to 2.50 at Reynolds numbers from 1.5 x 106/ft to 6.5 x 106/ft. A sliding-

block throat arrangement is used to control tunnel Mach number. Models

are supported by means of stings attached to the wall-to-wall strut/BOR

system of the tunnel. The 18 foot long test section is part of a dual

system of supersonic circuits and uses the same motors and compressor

as the 8 x T foot tunnel.

The 8 x 7 foot leg is capable of attaining Mach numbers from 2.45 to

3.50 at Reynolds numbers from below 1.O x 106/ft to approximately 5.0 x

106/ft. The throat has flexible sidewalls for control of tunnel Mach

number. Models are supported in the 16 foot long test section from

stings mounted to a body-of-revolution on a floor-to-ceiling strut

system.

Internal strain-gauge balances are used for force and moment data.

Pressure instrumentation is provided, and Schlieren and shadowgraph

equipment are available.

19



TEST PROCEDURE

Before the tests began, calibrations and check-out of all model

pressure instrumentation was performed at the Rockwell, B-1 Division.

A group of pressure transducers was calibrated, and the six best trans-

ducers with the lowest value of uncertainty were chosen and installed

in the scanivalve modules.

All pressure lines were identified, hooked up, and then leak and

continuity checked before shipment to Ames. In addition, each air data

probe was dimensionally checked on an individual basis; both on and off

of the model.

The NASA/ARC 4.0 inch diameter TASK MK IV A balance was check loaded

through the Ames DEC data recording system, prior to the test, to

determine sting/balance deflections. Complete model/sting build-up was

accomplished in the 9 x 7 foot tunnel after the calibrations, and

included the following pieces of hardware: TASK MK IV A balance,

W-1148S(-2, -5 and -6)]2 ° sting members, and the ARC primary taper.

Figure 2e shows this installation in the 9 x 7 foot tunnel.

At the conclusion of testing in the 9 x 7 leg, the model was removed

from the tunnel and transported to the 8 x 7, where the following pieces

of sting hardware were utilized: The 47.5-inch W-I168-3 sting, the 15°

W-1167-2 sting adapter and the W-1170-500 instrumented sting assembly.

The sting balance was check loaded through the Ames Beckman data re-

cording system to determine sting/balance deflections. The model was

then installed on the sting balance by utilizing the aft pin hole in the

2O



T_STPROCEDUHE(Concluded)

W-i170-500. This positioned the nose of the model approximately two

inches further forward in the test section than the 0A221Cinstallation.

It was also necessary to removea portion of the model boattail

fairing to allow for adequate sting clearance. This rework can be

clearly seen in Figure 3c.

In both tunnels, the leveling fixture was installed and the model

leveled in roll before the primary taper was tightened. Normal model

orientation was upright in the 8 x 7 and model rolled right side up in

the 9 x 7. Model pitch and yawalignment in both tunnels was also

inspected at this time so that any significant offsets could be noted and

employed in the data reduction process. In the 9 x 7, a leveling plate

and clinometer were used to set the model at zero in the yaw plane. Pitch

plane alignment was achieved by measuring from the tunnel side wall to a

water@lane reference mark at the fore and aft end of the model. In the

8 x 7 tunnel, pitch alignment was adjusted with the leveling plate and

clinometer. A facility-provlded "T-square" was installed on the tunnel

floor to determine the model yaw offset.

Just prior to test start, with all instrumentation hooked up, a

complete leak and continuity check was performed on all model, probe,

and reference pressures for the starting configuration.

Flow angle data from test 0A221B was applied to the 0A251B data (See

Table VI) and no flow corrections were applied to the 0A251C data. The

entire test program is shown in Table II.
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DATAREDUCTION

Data measuredand recorded during tests OA251Band C consisted of:

1. Tunnel freestream conditions and parameters

2. Force balance data

3. Model pitch and yaw attitudes

4. ADS side probe pressures

5. Model surface static pressures

Tunnel freestream conditions and parameters were reduced using

Ames UPWT standard data reduction techniques. The only exception to this

was an applied correction to all of the Mach 2.5 data obtained in the

8 x 7 tunnel during 0A221C. This correctlonwas based upon a comparison

of the Rosemount standard static pressure level as measured in both

tunnels at Mach 2.5. This correction consisted of adjusting the static

pressure of the 8 x 7 by adding AM = 0.014 to the calibrated Mach number

to achieve a decrease in static pressure equivalent to _Cp = 0.005:

thus causing the Rosemount standard results in the 8 x 7 to agree with

those of the 9 x 7 at Mach = 2.5.

Six-component force balance data in the 9 x 7 and four-component

force balance data in the 8 x 7 were also reduced using Ames standard

data reduction techniques, to provide corrections to angle-of-attack

and sideslip due to sting deflections under load. No aerodynamic

coefficient data were obtained. Balance forces and moments were applied

to the sting knuckle/sleeve equations for determination of model pitch

and yaw attitudes. Adjustments were made to pitch and yaw angles for
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DATAREDUCTION(Continued)

9 x 7 tunnel upflow and crossflow based upon the results of ¢ = 90° and

270° runs madeduring OA221B. These adjustments are presented as Aa

and A8 in Table VI. The basic form of the correction to u and S was:

u ffi_i + As

= 8i + A8

All probe and model pressures were reduced to standard pressure coef-

ficient form. In addition, all pressures measured by the right and left

probes were reduced to absolute pressure levels. Then the following side

probe calibration parameters were computed by the facility.

SIDE PROBE ANGLE OF ATTACK CALIBRATION PARAMETER (RAX)

. (PAL-PAU)
RAX (PTA-PAL) + (PAL-PAU)/2

STATIC PRESSURE DECREMENT (PSXDEC)

PSXDEC
PSA- P

PTA - PSA

TOTAL PRESSURE DECREMENT (PTXDEC)

PTXDEC =
PTA - PT

PTA - PSA

ADP COMPRESSIBLE DYNAMIC PRESSURE (QCX)

QCX = PTA - PSA

COM_RESSIBLE DYNAMIC PRESSURE (QC)

Qc = -I P (M_I. 0)

\ 5 / \7M2 - i -,

RATIO OF ADP TO FREESTREAM COMSRESSIBLE DYNAMIC PRESSURE (QCX/QC)

QCX/QC =
PTA - PSA

6 - I] P

7M 2 - ]

]
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DATA REDUCTION (Concluded)

RATIO OF ADP TO FREESTREAM STATIC PRESSURES (PSX/P)

PSA
PSX/P -

P

RATIO OF ADP TO FREESTREAM TOTAL PRESSURES (PTX/PT)

PTA
PTX/PT - PT

STATIC PRESSURE DECREMENT USING 0.i SCALE STATIC (PSIXDC)

PSIA - P

PSIXDC = PTA - PSIA

TOTAL PRESSURE DECREMENT USING 0.i SCALE STATIC (PTIXDC)

PTA - PT
PTIXDC = PTA - PSIA

RATIO OF ADP TO FREESTREAM STATIC PRESSURES (PSX/P) and (PSIX/P)

PSA PSIA
PSX/P - p and PSIX/P =-7--

RATIO OF ADP TO FREESTREAM TOTAL PRESSURES (PTX/PT)

PTA

PTX/PT - PT

Note the letter X in the above parameter names indicates that these cal-

culations were made with as taken data i.e., no interpolations, no com-

bining. These computer parameters are not presented but are available

on the DMS data base. All probe measured data in pressure coefficient

form are presented.
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_ULTS ANDDISC"JSSION

o

Preliminary data results indicate the following:

0A25LB; 9 x 7

1. Fair agreement in static pressure coefficient with previous

test data; OA221B and 0A234.

2. Good agreement in pitot pressure coefficient with OA221B

(OA234 too low).

B. Good agreement in angle-of-attack parameter with 0A221B

(0A234 slightly low).

4. Good agreement with 0A232 (M_ = 1.55).

5. Some sensitivity to Re (Significant at M_ = 1.6)

0A251C_ 8 x 7

i. Test results in fair agreement with 0A221C.

2. Little Reynolds number influence.

B. Data repeatability is acceptable (Data spread appears tunnel

related).

a. Static pressure coefficient; +0.010

b. Total pressure coefficient; +0.015

c. Data spread greater with 0A221C included

d. Calibration uncertainties do not exceed predicted

air data parameter errors

4. Static pressure peak does not dissipate with increasing sideslip.

More detailed results and analysis can be found in References 6 and
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DATAPRESENTATION 9

The facility-furnished data tape did not contain data for pressure

taps i, 2, 3, 4, 5 and 46 for runs 29 through 93, test OA251C. For

these tests ADPpressures were plumbed to several redundant scanivalve

ports (see _ble V). The facility provided multiple values for the ADP

pressure coefficients. DMScomputedthe average, which is presented in

this report. All data presented are thought to be correct.

It was anticipated that DMSwould use an iterative digital computer

routine to determine local angle-of-attack at the side probes. However,

the MachNumberscalibrated in Reference 3 are below the local Machnum-

bers experienced by the probes during this test. Therefore, the local

angle-of-attack analysis was not performed.

During this test a wide range of air data system (ADS)measurements

were taken. There were numerousprobe combinations tested. Data acqui-

sition limitations and different probe configurations dictated that all

measurementscould not be madesimultaneously. Several subsets of mea-

sured data resulted. For convenience, available measurementswere

grouped into data types or data systems. These groupings are listed

below:

Tunnel reference conditions

SIDE PROBES - 0.2 and 0.l-scale ADP

ALTERNATEADS - pressure taps i through 26 and 43, 44, and iii
through 132

26
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DATA PRESENTATION (Continued)

DFI TAPS - pressure taps 67 through 95

SEADS TAPS - pressure taps 45* through 58

*CP45 IDENTICAL TO CPI

Table IV gives the pressure tap coordinates. Their relative positions

are shown in Figure 2d. Each section of tabulated data contains all

available data for this given data system and the associated tunnel refer-

ence conditions.

Plotted data figures 4 through 9 are of side probe calibration para-

meters that have been computed in the following manner. Probe pressure

coefficients and tunnel reference conditions are linearly interpolated to

nominal angles-of-attack (_) and Mach Numbers. These data are grouped

with consistent probe mounting, q and _, and then an interpolation to

nominal angle-of-sideslip (B) is performed. Now the data for each ADP,

when tested on the left side of the orbiter model, are combined or

grouped together. The same thing is done for data with the probes mounted

on the right side. For test 0A251C, several duplicate runs were made.

Runs 8, 14, 15, 16, 21, 22, 23, 27, 30, 31, 33, 34, 37, 40, 41, 44, 46,

48, 49, 51, 52, 53, 56, 57, 59, 63, 66,68, 72, 85, 87, 88, 89, 90, 92

and 93 were used.

Because each sweep contains data from various tunnel runs, tunnel

run number has completely lost its significance. For convenience a

sequence number has replaced the run number. The sequence begins with

the first Mach number and first B with Mach number cycling fastest.
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DATAPRESENTATION(Concluded)

Tunnel reference conditions associated with the 0.2 P/S ADPare also

needed to perform the following computations.

RA = CPAL-CPAU
CTA-CPAL +

2

(_) CPTA - CPTPT DEC = CPTA - CPSA

PT-P
where CPT -

Q

(L) CPSAPS DEC = CPTA _ CPS A

where PRAT2 - CPTA • Q + P
CPSA • Q + P

(_) CPSIAPSI DC = CPTA - CPSIA

CPTA-Q + Pwhere PRATI -
CPSIA'Q + P

The bracketed character is an L when left side data are used and an R when

right side data are used. An average value is then obtained by summing

the left and right values and dividing by 2. This averaging is done at

identical value for mach number, angle-of-attack, and angle-of-sideslip.

Plotted data figures are for these averaged values. Corresponding tabu-

lations follow.
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TEST : OA251B and C

TABLE I.

i I | ,.IDATE : May_ 1978

TEST CONDITIONS

MACH NUMBER

1.6

1.6

z.6

1.8

1.8

1.8

2,0

2.0

2.0

2.3

2.#

2.5

REYNOLDS NUMBER _ DYNAMIC PRESSURE STAGNATION TEMPERATURE

(per unit length_lO -6 (pounds/sq. ft.) (degrees Fahrenheit)

1.4

2.3

3.3

i._

2.3

1,4

3.t_

1.4-

2.4

3oo

3.6

5oo

74o

_oo

500

T4O

3oo

_oo

7,40

300

500

740

300

500

120° (nom)

74O

2.5

3.5 7oo
t

BALANCE UTILIZED:

NF

SF

AF

PM

RM

YM

CAPACITY:
COEFFICIENT

ACCURACY: TOLERANCE:

COMMENTS:

| I

3O
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!TEST ;

TABLE I, (_$nc_zded)

OA251B and C [
m

TEST CONDITIONS

DATE : May, 1978
L

MACHNUMBER

2.7

2.7

REYNOLDSNUMBER .. DYNAMICPRESSURE STAGNATIONTEMPERATURE
(perunitlength)xlO-q (pounds/sq.ft.) (degreesFahrenheit)

.... ' t

2.7

1.9

5oo

7oo

30o

325

3.o 2.9 5oo

3.5 2.1 300

2.6 375

12.0 ° (nom)

BALANCEUTILIZED:

NF

SF

AF

PM

RM

YM

TASK 4.0" MKIV 6-CCMPONENT

CAPACITY: ACCURACY:

12,ooo .+1/2 F.s.
6,000 |

2,500

COEFFICIENT
TOLERANCE:

1,,6,O00in-lbs

COMMENTS:
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TABLE III. MODEL DIMENSIONAL DATA

MODEL COMPONENT:

GENERAL DESCRIPTION:

OV102 lines are simulated back to Xo670.

forebody is ogive-faired to the sting cavity.

MODEL SCALE: 0.100

DRAWING NUMBER: SS-A01733, BCD V70-30-940-01

DIMENSIONS:

Length, In. (nose to boattail)

Max. Width @ Xo670 (including glove)

Max. Depth, In.

Fineness Ratio (length/max. width)

Area, Ft2

Max.Cross-Sectional (@ Xo670 ,
including glove)

From Xo670 to Xo985. 5,

BODY _74

OVI02 Forebody (tile surfaces are not simulated).

the

SCALE MODEL SCALE

750.5oo 75.o50

258.126 25.813

227.096 22.71o

3.169 3.169

314.474 3.145
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TABLE III. MODEL DIMENSIONAL DA_I% (Continued)

MODEL CGMPONF_:

G_ERAL DESCRIPTION:

CANOPY - C16

OVI02 - Canopy

MODEL SCALE: 0.i00

DRAWING NUMBER: SS-AOI733, BCD V70-30-950-01 (VCTO-OOOOO2B)

DIMENSIONS:

Length, in. (Xo432.0798 to Xo670)

Max. Width, in. (@ Xo59A)

Max. Depth, in. (@ Xo492 )

Fineness Ratio (length/max. width)

Area, Ft2

Max. Cross-Sectlonal @ Xo520

FULL SCALE

237.92o

19_.o67

59.790

1.226

MODEL SCALE

23.792

19.4O7

5.979

1.226

_5.66 0.4566
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T._LE iIi. MODEL DIM_ISIOIL_L DAT_% (Continued)

MODEL C@_CNF_f: PROBE - PR 7

GENERAL DESCRIPTION: Air data probe which is strut-mounted on the left-

hand side of the orbiter nose. The probe has pitot-static pressure

instrumentation and a non-instrumented temperature sensor mockup.

MODEL SCALE: O. 20

DRAWING NU_LBER: SS-A01614, Rosemount 00856-1913, 00859-0109

DLMFLNSIONS: (Nominal Design Values) FULL SCALE MODEL SCALE

Length, (Probe tip to temp. sensor base), in. 10.99

Overall length, in. 14.35

Probe barrel diameter, in. 1.O0

Overall height, in. 7.25

Probe tip to static pressure ports, in. 2.70

Height, TPS surface to probe @_ , in. 5.00

Strut max. thickness, in. 0.65

Strut chord length, in. 4.50

Strut sweep angles (L.E. & T.E.), deg. 30.00

Probe barrel max. cross-sectional area, in. 2 0.7854

Location of probe _. and Xo 291.67

Static port intersection: in. Yo + 53.18

zo 32o.46

2.198

2.87o

0.200

1.450

o.54o

0.500

o.13o

0.900

3O.0O

0.0314

29.167

+ 5.318

32.046

The centerline of the probe is at a -10 ° incidence to the model fuselage

reference plane, as measured in a butt plane, with positive being nose-

up. The probe _ is positioned parallel to the forebody local OML.
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TABLE iII. MCDYL DZ_SICI_AL DA_& (Continued)

MODEL COv_cN_/_: PROBE - PROBE - PR 8

Gi_F_;RALD_qCftYPTICN: Air data probe which is strut-mounted on the right-

hand side of the orbiter nose. The probe is instrumented with two flush

taps for angle-of-attack indication. Temperature sensor is in mockup only.

MODEL SCALE: 0.2

DP._WII_GIF_LBER: SS-AOI614, Rosemount 00856-1913, 00859-0108

DR_';SICNS: (Nominal Design Values) FULL SCAT_ MODEL SCA_

Length, (Probe tip to Temp. sensor base), in. 10.99

Overall length, in. 14.35

Probe barrel diameter, in. 1.00

Overall height, in. 7.25

Height, TPS surface to probe _ , in. 5.00

Strut max. thickness, in. 0.65

Strut chord length, in. 4.50

Strut sweep angles (L.E. & T.E.) deg. 30

Probe barrel max. cross-sectional area, in. 2 0.7854

Location of a point 0.540 in. m.s. aft Xo 291.67

of probe tip on probe _. :
Yo + 53.18

Zo 320.46

2.198

2.87O

0.200

1.45o

0.500

o.13o

0.9o0

3o

0.0314

29.167

-+ 5.318

32.o_

The centerline of the probe is at a -lO° incidence to the model fuselage

reference plane, as measured in a butt plane, with positive being nose-up.

The probe _ is positioned parallel to the forebody local OML.
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL C(MPONENT: PROBE - PRI4

GENERAL DESCRIPTION: Air data probe which is strut-mounted on either side

of the orbiter nose. The probe has compensated static pressure orifices

and a non-instrumented temperature sensor mockup.

MODEL SCALE: 0. i0

DRAWING NI_4BER: Rosemount 00859-0149

DIMENSIONS: (Nominal Design Values) _X_LL SCALE MODEL SCALE

Length (Probe tip to temp. sensor base), in. ii.01 i.i01

Overall length (including mounting base), in. --- 2.600

Probe barrel diameter, in. 1.00 0.I00

Overall height (including mounting base), in. --- 1.350

Probe tip to static pressure ports, in. 2.70 0.270

Height, TPS surface to probe _, in. 5.00 0.500

Strut maximum thickness, in. 0.66 0.066

Strut chord length, in. 4.50 0.450

Strut sweep angles (L.E. & T.E.), deg. 30.00 30.00

Probe barrel maximum cross-sectional area, 0.7854 0.00785
in. 2

Location of probe _ and static port intersection:

Xo : 291.67 29.167

Yo : ± 53.18 ± 5.318
Zo : 32o.46 32.oh6

The _ of the probe is at a -I0 ° incidence to the model FRP, as measured

in a buttplane (positive is nose-up). The probe £ is positioned parallel

to the forebody local 0ML.
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TABLE III. MODEL DIMENSIONAL DATA (Continued)

MODEL COMPONENT:

GENERAL DESCRIPTION:

One vent on each side.

MODEL SCALE: 0.10

DRAWING NUMBER: SS-A01733

DIMEESIONS:

Length, in.

Max. width, in.

Max. depth, in.

Area

Max.Cross-Sectlonal, in. 2

Center of vent, in.

- VTI8

Oval-shaped RCS vents in orbiter 102 forebody.

SCALE MODEL SCALE

4.9o o.49

_.oo o.40

6.2o 0.62

X o

Zo

16.17 0.1617

38&80 38.48

371.40 37.14
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TABLEIIl. MODEL DIMENSIONAL DATA (Concluded)

MODEL CfMPONENT: VENT - VTI9

GENERAL DESCRIPTION: 0val-shaped cabin vents in orbiter 102

forebody. One vent on each side.

MODEL SCALE: 0.i0

DRAWING NUMBER: SS-A01733

DIMENSIONS:

Length, in.

Max. width, in.

Max. depth, in.

Area

Max. cross-sectional, in. 2

Center of vent, in.

SCALE

9.60

4.00

6.20

MODEL SCALE

0.96

0.40

O.62

X o

Zo

34.97

398.60

37_.50

0.3497

39.86

37.45
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TABLEIV. PRESSUEETAPLOCATIONS

* Tap coordinates are actual measured values;

all other, are nominal design values.

TAP
NUMBER

i*

2

3"
4*

5*

6*
7*
8*
9*

10*

ll *

12"

13 *
14 *

15 *

16"

17"
19 *
20 *

21 *

22 *

23
24

25
26

27
28

29
3o

31
32
33
34
35

TYPE

Flush ADS and SEADS

Flush ADS

I

ROS

** Not measured during 0A2513 and C.

MODEL SCALE, INCHES

X o

23.586
27.60
27.607
27.59o
27.608

27.597
27.599
27.592
27.59o
29.606

29.618
29.589
29.612
29.589
29.606

29. 588
29.202
33.601
33.595
37.600

37.607
41.6o

41.6o

45.6o

45.60

32.728

32.728

32.728

35.093

35.o92
35.o93
32.435
32.435
33.384

Lw

Yo R+

-0.OO6

0.00

-4.o53
4.1o4
-4.o88

4.137
-4.o41
4.083
o.oo5

-0.012

-4.985
5.026

-4.975
5.o22

-4.943

4.987
-o.o14
-6.331

6.388

-7.46o

7.512
-8._3
+8.423
-9.235
+9.235

-]..465
0.0
1.465

-1.439

0.0

i.439
-5.383
5.383
-4.981

Z o

33.764

30.286

32.613

32.602

33.358

33.384

34.101

34.122

37.977
29.659

32.985

32.978

33.446

33.439

34.328

34.331
38.812
33.694
33.694
34.056

34.055

34.56

34.56

35.75

35.75

39.296
39.445
39.296

39.959

_0.082

39.959
35.790
35.790
37.235
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TABLE IV. PRESSURE TAP LOCATIONS (Continued)

* Tap coordinates are actual measured values;
all others are nominal design values.

TAP

36

37

38

39

41

42

43*
44 *

46*

48 *

49 *

50 *

51 *

52 *

53 *

54 *

55 *

56 *

57 *
58 *

67
68

69

7o

71

72

73

74

75

76

77

78

TI_E

ROS **

_t

(ML @ probe static port
OML @ probe static port

SFADS

Flush ADS

Flush ADS

Canopy

MODEL SCALE,

X o

33.384
34.844
34.844
36.471
36.471

36.267

36.267

29.168

29.163

23.609

23.704
23.895
24.199
24.693
23.64Z

23.631
23.917
23.879
23.9O6
23.896

24.215

24.185

45.60

45.60

60.20

60.20
60.20
60.20
60.20

60.20

63.20

63.20

63.20

63.20

I

Yo R+

4.981

-5._84

5.484

-5.858

5.858

-5.563

5.563
-4.677

4.732

0.0

0.0

0.0

0.0

0.0

-o. 4o9

o. 399
-1.149
1.135

-0.686

0.678

-1.012

l.Ol3
-9.238
+9.238

-9.03
9.03

-8.o2
8.02

-6.9o

6.90

-8.34

8.34

-7.67

7.67

INCHES

Z o

37.235

37.356
37.356

35.925

35.925

37.373
37.373

32.o65

32.o_

33.47l

33.o86
32.686
32.269
31.787
33.535

33.546

33.535

33.535

32.8_

32.84O

32.517

32.522
33.50

33.50

46.30

_.3o

47.32

47.32

48.17

48.17
47.00
47.00
47.61
47.61

Not measured during OA251B and C.
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TABLE IV. PRESSURE TAP LOCATIONS (Continued)

TAP

_UMBER

IH

79
80

81
82

83

84

85

86

87
88

89

9o

91

92u

92L**

93

94

95

IIi

112

113
114

115

n6

i17
118

119
12o

121

122

123
124

125

TIPE

Canopy

Flush ADS

j,

DFI

X o

66.20

66.20
66.20
66.20

66.20

66.20
26.71
26.71
27.60
27.60

39.20

39.20

39.20
26.71

26.71

29.93

26.93
36.74

53.70

53.7O
60.20
60.20
60.20

60.20

63.20
63.20

63.20

63.20

66.20

66.20

26.821
26.821

38.986

MODEL SC_, _

LI

To R+

-9. 3
9.03

-8.02

8.02

-6.9O

6.90

-3.33

3.33

-3.1o

3.1o

-3.1o

3.1o
o.o

o.o

o.o

o.o

0.47

0.59

-lo.4ao

+io. 420

-lO.571

+IO. 571
-lo. 562

+10.562

-lO.573

+1o.573
-I0.569

+10.569

-lO.575

+1o.575

-3.653

+3.653

-7.815

Z o

_6.30

_6.3o

47.32

47.32

48.17

48.17

33.24

33.24

31.o6

3]..o6

28.41

28.41

28.24
37.34

30.63

29.60
30.92
28.72

37.40

37.40
40.50

40.50

34.56

34.56

43.5O

43.50

38.00

38.OO

40.50

hO.50

32.724

32.724

37.163

** Not measured during OA251B and C.
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TABLE IV. PRESSURE TAP LOCATIONS (Concluded)

126

127
128

129

130

131
132

TI'PE

DFI

MODEL SCALE,

X o

38.986

26.885

42.273

55.350
26.802

49.285

62.192

+7.815
-0.307
-0.183
0.0

-o.486

-o.952
o.o

INCHES

Z o

, ,.. , .

37.163

37.59o

50.036

30.609

5o
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TABLEVI. FLOWANGLECORRECTIONS(9 X 7; OA221B)

1.6 -0.05 -0.40

1.8 -0.15 0.15_i + 0.i

2.0 -0.07 O.lO#i - 0.6

2.3 -0.20 0.0825#i - 0.165

2.5 -0.15 +O.i

NOTE: The above angles apply to the normal model orientation,
i.e., canopy toward control room or model right side up.
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a. Model 99-0 Mounted Right-Side Up i n  the  ARC 8 x 7 Tunnel 
with Rosemount Side Probes Ins t a l l ed  

Figure 3. Model photographs. 
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c 

b. A f t ,  3/4-View of 99-0 Mounted in the ARC 8 x 7' Tunnel 
Mgure 3. Continued. 

\ 
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d. Close-up Front View of 0.2-Scale Rosemount Pitot-static Probe 
Mounted on Left Side of Model 99-0 and the 0.1-Scale Rosemount 

Static Probe on the Right 
Figure 3. Continued 
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e. Close-up View of 0.1-Scale Rosemount Static 
Probe Mounted on Right Side of Model 

Ngure 3. Concluded. 
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